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 Abstract 

The present work introduces a theoretical study to produce a terahertz 

(THz) radiation as a result of the nonlinear interaction of high intense laser 

beam with magnetoplasma under the paraxial ray approximation. The 

relativistic change of electron mass leads to self focusing of laser beam 

when the initial power of laser beam is greater than its critical power. 

Proposing a collisionless process, the self focused laser beam with right 

circular polarization (whistler mode) couples with the pre-existing density 

ripple to produce a nonlinear current driving the THz radiation at the 

difference frequency. The applied magnetic field enhances the nonlinear 

coupling through cyclotron resonance. Theoretical analysis and numerical 

calculations show that this THz source is capable of providing power of 

more than Giga watt (GW) level. 

The nonlinear behavior of extraordinary laser beam through 

magnetoplasma has been calculated by considering the relativistic 

nonlinearity where the laser in extraordinary mode (X-mode) propagates 

perpendicularly on the static magnetic field which is exerted 

perpendicularly on the laser electric field. THz wave is generated in 

magnetosonic mode by the nonlinear interaction of self focused X-mode 

laser beam and upper hybrid wave (UHW), as long as the phase matching 

conditions of the three waves         (X-mode laser, UHW and terahertz 

wave ) are fulfilled. A theoretical model of the THz electric field is 

designed and numerical calculations have been achieved which explain 

that the relativistic self focusing and external magnetic field have a crucial 

role to enhance THz radiation power density. 

The changing of the plasma density and incident laser intensity lead to 

vary the self focusing of the laser beam inside plasma and thus the THz 

radiation power will be varied in both longitudinal and transverse external 



magnetic fields geometries. The self focusing is occurring stronger within 

shorter propagation distance due to relativistic nonlinearity and hence the 

THz wave power will be enhanced as long as the plasma density and 

incident laser intensity are increased.        
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     ص 

َ دساسخ ٔظش٠خ لإٔزبط شؼبعلذّالأطشٚحخ دُ٘زٖ  THz   وٕز١غخ ٌٍزفبػً اٌلاخطٟ ث١ٓ حضِخ ١ٌضس٠خ

.راد شذح ػب١ٌخ ٚثلاصِب ِّغٕطخ ثئسزخذاَ رمش٠ت اٌشؼبع اٌّحٛسٞ  

إْ اٌزغ١ّش إٌسجٟ ٌىزٍخ الأٌىزشْٚ ٠ؤدٞ اٌٝ اٌزجؤس اٌزارٟ ٌحضِخ ا١ٌٍضس ٚرٌه ػٕذِب رىْٛ اٌمذسح 

ثفشض اٌزفبػً اٌلارصبدِٟ ث١ٓ اٌحضِخ ا١ٌٍضس٠خ . ا١ٌٍضس أوجش ِٓ اٌمذسح اٌحشعخالإثزذائ١خ ٌحضِخ 

فئْ اٌحضِخ ا١ٌٍضس٠خ اٌّزجئشح رار١ب راد الإسزمطبة اٌذائشٞ ا١ّ١ٌٕٟ, ٚاٌجلاصِب (whistler mode) 

رمزشْ ِغ ثلاصِب ِزّٛعخ اٌىضبفخ ٚاٌّضبسح إثزذاءا لإٔزبط ر١بس لاخطٟ ٚاٌزٞ ٠ٕزظ ثذٚسٖ شؼبع 

THz إْ اٌّغبي اٌّغٕبط١سٟ . ػٕذ فشق اٌزشدد ث١ٓ رشدد ِٛعخ ا١ٌٍضس ٚرشدد ِٛعخ اٌجلاصِب  

اٌزح١ٍلاد إٌظش٠خ ٚاٌحسبثبد . ْ الإلزشاْ اٌلاخطٟ ِٓ خلاي اٌش١ٔٓ اٌس١ىٍزشٟٚٔاٌخبسعٟ ٠حسّ

THzاٌؼذد٠خ رج١ٓ أْ ِصذس شؼبع  ٘زا لبدس ػٍٝ رغ١ٙض لذسح رصً اٌٝ حذٚد   Giga Watts. 

خطٟ ٌحضِخ ا١ٌٍضس اٌغ١ش إػز١بد٠خ اٌسٍٛن اٌلا  (Extraordinary) خلاي اٌجلاصِب اٌّّغٕطخ رُ 

إحزسبثٗ ٚرٌه ثبلأخز ثٕظش الإػزجبس اٌلاخط١خ إٌسج١خ ح١ش إْ ّٔط اٌحضِخ ا١ٌٍضس٠خ غ١ش 

إسزمطبة ػّٛدٞ ػٍٝ ( ا١ٌٍضس)الإػز١بد٠خ ٠ٕزشش ػّٛد٠ب ػٍٝ اٌّغبي اٌّغٕبط١سٟ اٌخبسعٟ ٌٚٗ 

ِٛعخ . ٠سٟ اٌخبسعٟاٌّغبي اٌّغٕبط THz رزٌٛذ  ِغٕبط١سٟ -صٛرٟ ثّٕط  (magnetosonic)  

اٌّزجئشح رار١ب ِغ ِٛعخ ٘غ١ٕخ ػ١ٍب ِٓ خلاي اٌزفبػً اٌلاخطٟ ٌٍحضِخ ا١ٌٍضس٠خ  Upper 

Hybrid (UHW)Wave ِٛعخ ا١ٌٍضس , طبٌّب أْ ششٚط اٌزطبثك اٌطٛسٞ ٌٍّٛعبد اٌضلاصخ 

UHWاٌغ١ش إػز١بد٠خ ِٚٛعخ  ِٚٛعخ   THz ٌمذ رُ ثٕبء ِٛد٠ً ٔظشٞ ٌٍّغبي اٌىٙشثبئٟ . لمخِزح 

THzٌّٛعخ  ٚرُ إعشاء حسبثبد ػذد٠خ ٚاٌزٟ أٚضحذ أْ اٌزجؤس اٌزارٟ ٚاٌّغبي اٌّغٕبط١سٟ  

 .THzاٌخبسعٟ ٌّٙب دٚس حبسُ فٟ رحس١ٓ شذح شؼبع 

صِب إْ رغ١ش وضبفخ اٌجلاصِب ٚشذح ا١ٌٍضس اٌسبلط س١غ١ش اٌزجؤس اٌزارٟ ٌحضِخ ا١ٌٍضس داخً اٌجلا

THzٚثبٌزبٌٟ س١غ١ش شذح شؼبع  إْ . إٌبرظ فٟ ولا حبٌزٟ اٌّغبي اٌّغٕبط١سٟ اٌطٌٟٛ ٚاٌؼشضٟ  

ٚ٘زا ثذٚسٖ  ثسجت اٌلاخط١خ إٌسج١خاٌزجؤس اٌزارٟ ٠حذس ثشىً ألٜٛ ٚخلاي ِسبفخ إٔزشبس ألصش                       

                                    شؼبع                                 ٠ؤدٞ اٌٝ رحس١ٓ لذسح  ٚرٌه ثض٠بدح وضبفخ اٌجلاصِب ٚشذح ا١ٌٍضس

.ٚرٌه ثض٠بدح وضبفخ اٌجلاصِب ٚشذح ا١ٌٍضس   THZ  


